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Comments on the Criteria Document for
Particulate Matter Air Pollution

This report contains three documents with comments on the US Environmental

Protection Agency Draft Criteria Document for Particulate Matter Air Pollution. The first
document is an article for the bulletins of the International Environmetric Society and the
American Statistical Association Section on Statistics and the Environment, written by

Richard Smith at the University of North Carolina and Peter Guttorp of the University of
Washington. The same authors are joined by Lianne Sheppard, also of the University of
Washington, in a formal comment submitted to the EPA review process. Finally, Guttorp

and Sheppard together with Thomas Lumley and Naomi Ishikawa (also University of
Washington) present a another submission to the Criteria Document review.



The matter of particulates and health
Peter Guttorp, University of Washington,

Richard L. Smith, University of North Carolina

On April 11, the US Environmental Protection Agency issued their latest review of

the scientific literature on particulate matter air pollution. The document, called Air
Quality Criteria for Particulate Matter, is the first step in the process of setting air
quality standards in the United States. Once the criteria document is made final, EPA

staff produces a document with recommendations to the Administrator of the EPA, who
then announces any changes in the air quality standards that may be called for on the
basis of the two documents. While the staff document reflects current thinking within the

agency, the criteria document is supposed to be an objective and comprehensive review
of current scientific thinking in the area.

The document, which is open to public review until July 12, 2001, consists of two

volumes (chapters 1-5 and 6-9, respectively), which can be downloaded from the EPA
web site at http://www.epa.gov/ncea/partmatt.htm where instructions for public
comments can be found.

After the brief general introduction in Chapter 1, Chapters 2 and 3 provide
background information on physical and chemical properties of PM and related
compounds; sources and emissions; atmospheric transport; transformation and fate of

PM; methods for the collection and measurement of PM; and ambient air concentrations;
Chapter 4 describes PM environmental effects on vegetation and ecosystems, impacts on
man-made materials and visibility, and relationships to global climate change processes;

and Chapter 5 contains factors affecting exposure of the general population. Chapters 6
through 8 evaluate information concerning the health effects of PM. Chapter 6 discusses
epidemiological studies. Chapter 7 discusses dosimeter of inhaled particles in the

respiratory tract. Chapter 8 assesses information on the toxicology of specific types of
PM constituents, including laboratory animal studies and controlled human exposure
studies. Chapter 9 integrates key information on exposure, dosimetry, and critical health

risk issues derived from studies reviewed in the prior chapters. The Executive Summary
is to be incorporated at the end of Volume II.

The basic conclusion of the PM criteria document is that particulate matter air
pollution has significant effect on mortality and morbidity, particularly on elderly

individuals. The document, however, fails to take into account much of the recent
statistical literature questioning the validity of the methodology used in many of the
studies upon which the conclusion is based. For example, a special issue of

Environmetrics (vol. 11, issue 6, 2000) on statistical analysis of PM data contained three



papers showing the sensitivity of these analyses to model choice, in particular lag

structure and air pollution covariates. In a study reanalyzing Seattle PM2.5 (particles with
average size below 2.5 µm) data and asthma hospital admissions, Lumley and Sheppard

(2000) find that the bias due to model selection (choosing between only seven models),

the log relative risk estimated from the data is about twice the mean bias in simulated
control analyses, and the estimate falls at the 90th percentile of the bias distribution in the
control analyses. Thus in studying the weak associations between PM and health

outcomes, it is important to take into account biases that normally could safely be
ignored.  Smith et al. (2000) reanalyzed regression models for air pollution and daily
mortality in Birmingham, Alabama, demonstrating the sensitivity of the analysis to the

definition of an exposure measure for lagged PM10 values, and that there is little evidence
of an effect at low levels of air pollution. Clyde (2000) analyzed the same data using
Bayesian model averaging, and obtained results that were quite sensitive to prior

assumptions. The original study of these data by Schwartz (1993) obtained a relative risk
of 1.11. The posterior probability of a risk that large or larger in Clyde’s analysis is
between 0.007 and 0.0042, depending on the choice of prior.

Many studies have considered other pollutants besides PM, but too often the
emphasis has been on how the other pollutants affect the PM coefficient (the co-pollutant
problem) rather than starting out from the assumption that there are several pollutants that

could possibly explain the mortality effects and we should treat them on equal footing
when it comes to identifying potentially causal relationships. Where this has been done,
the results are mixed, For example, the Health Effects Institute reanalysis (Krewski et al.,

2000) of the Harvard six-cities study (Dockery et al, 1993) found that when treated on an
equal-footing basis, SO2 has a stronger association with health than PM. The PM criteria
document implies that this could be because SO2 is really a precursor to sulfate particles,

but it needs to be emphasized that this is hypothesis, not a verifiable conclusion of the
epidemiological analysis.  Furthermore, different areas of the United States have different
compositions of particulate matter, so regional differences may partly be explained by the

different pollutant mixtures.
It is important that the environmental statistics community pays attention to the

literature review in EPA’s criteria document. We feel that the document takes a cavalier

attitude towards statistical interpretation issues, which go way beyond mere sensitivity of
the results of epidemiological analyses to different kinds of analysis.  Large questions of
uncertainty and more broadly of variability (e.g. across subpopulations, spatial regions,
seasons etc.) are of major concern in ascribing an overall cause and effect relationship,

but the document is written in such a way as to imply that none of these issues ultimately
affect the conclusions.
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 �������� ���� �������
� �
 ��� ������
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 ���0��� �	 �� �!$$4"� ��&� !F7F ��������� �� @����0� �	 �� ��   "�
�# F(" ������ ��� �������
& �������� ���� ����� �&��
�� ���
 ������ � �������
��� ������
��# 5� �������� ����&�� /���
��
 ��� ��� ����� ��2����� �����
���� ��
&�� ��� ��� ������ �
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��� ���� ���� ����&� ��� ��� ����� �
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& � ������� ������
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� ����� ������� ��� �����&� ��������
����� � ��� �����&� ������
� ������ ������ �
� ��2�����
� �� �
��������%�����
���������# ���� ���� ���� ��� 	���� <�� ���� ��+���
��� 	������ ��
&
��� ��� ������ ���� 	� ��� � ��+���
� ������	���
� � ���� ��������� ���
�������� ��� ��0��� �
 .���	�
����� ���
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 ��� ������
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 ����# ?�� ��� �������

� � 
���� ������
���� 	�����
 ��� ������
 �
� �
&%���� �������� �����
���
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� ���� ����� ��
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� ���� ����	�� ����� ��
����� ��+���
���# ���� �� ���� �������# ��� ��� ������� �������� ���0� ��� �
��� ������
� ������� ��� ��� *.� ������ ��� 	���� 
 ��&�����
 
 ���������
����� ��� ���� ��
��#

��� ��%�
������ ����� � ���� ����� �
�����
� 	� �
�����
& ��� ���� �%
�������� �
 ��� �
������� ���� �� �������
�� ���� �
� �
 �
������ � �������

�	�����# -� ��� ��� ����� �� �������� ���� ��
& ��� ��� ������� .���	�
�����
��� ��� ��&���� ������
 � ��� �������
 ��0�
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������� ����� ��������
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 ���� �������� �
� ������
 ����� �����
��
�
��� ��� ��%�
������� ���&� ���� ��� '
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� ������ ����� ���� ��� �����%
���
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� ���� � 	� �����
� ��
& ��� ��&��
� � ��� �������
 ����
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��� �
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 ��� �����
����"#
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���� 	�����
 ���
�����8�� ����� �����
�
� �������� ��� 
� �������� 	� ��� �
�����
 � � ����� 
��	�� � �����'�
�����
����� ��������� ��� 
� ���
 ���� ��� ��&�
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�����
� ���� 	��

����� ������# ��� ���� ���0 �
����
���� 	���� �� ��0�
& ������ �������
� �

���� ����� �����
�� ������ ��
� �����
����� ��������� ��� ������#

 �� &�� ("� %����

�����&� ��� ��. ����� ��� 
� �� ��������� ������� �� �� ��� *.� �����
��� �������� ��� ���������
�� ���� ���&��� ���
����� ������ ���
 �������� 	�
��
���8���
"� �� �
����� ��
� ��� ���������
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�
� ��
� ��� ������ �� ���� � !76"# �;��� �� � ��
� �� �������
� ���
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��	�� �� ��� �
�
������� ������� � ���� �����#"
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���� ��
�� �	�� ��� ���&���� 
����� � ��� ����� ��� 2��� ��
���� � ��. �� ���� ��� � *.�� ���� ��� ���� ���&�� 
��	�� � ������� ����� ���
��
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���	���
� � ��� �
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-
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� �� ����
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 ����� � ����� ����� ��� ���

	� ���&�� � �� ��������
&� �
 ��+���
� ����� ��� ����� � ���&���� �+����� ��"
���&�� ���������� ���" ��
�� �+���� ������ �
� ����" ������� �
������#

����� �����	
� ����
����

�� �
 ������� � �������� ������� �
���%���� ��+���
��� �
 �������� ����� ����
	� ��� � ���� ����%����� �������� ���
 ����������� ������ ������
� ��� ��%
�
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 ��� �
������"# ����� �
������ ���&������ �
� �����
��� �����	���
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 �
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 �	����� �
� .9� ���	�� 46�
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 .9� ��� ������� �� ���
������� ��������� ��� �������� ���0 ��� � .9� ��� ��&��� ���
 ���� ��� �
������� ���������� �
� �
�+����� �� ������� ��������� ���� ��� �
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�
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'���� ��� ���� ������
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���� ��� �
������ ������ ������� �
������ ���
& �������� ���&�� ���������#

��� ���� � �
�������
& ���&���� ��������� �� �����
��� � �
���������
���� � ��� ��0# ��� ��&�
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�
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� �
�����
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 ����� ��2����
&
�� ��� ������
� 
� ���� ������ � ��� ��+���
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 ��������� ��� ��0�
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���� ��
��� ����	�� �+��� � ������� ��������
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 � ������ ��&�
�� ������'����
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 �
�� ���
 �� �� ���� ������� ��� �
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 ���������#

��� ����� �
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 ���&
�� 
� ����
�
 ���� ���&
� �
� �� ������ �
������� � 	� )
��&�	��, �� ����� ���&
�
������ ���� ����# ��� ����
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Comments on Chapter 6, Epidemiology:

Reviewers (in alphabetical order)
Peter Guttorp, Department of Statistics, University of Washington
Thomas Lumley, Department of Biostatistics, University of Washington
Naomi Ishikawa, Department of Environmental Health, University of Washington
Lianne Sheppard, Departments of Biostatistics and Environmental Health, University of
Washington

These comments are based in part on discussion in a reading group organized by the EPA
Northwest Center for Particulate Air Pollution and Health at the University of
Washington but they represent the opinions of the authors, not of the Center or the EPA.

Address:
Department of Biostatistics
University of Washington
Box 357232
Seattle WA 98195-7232

Overall comments:
The draft Air Quality Criteria for Particulate Matter appears to do a good job of
collecting together most of the literature on associations between particle concentrations
and health outcomes. However, the document omits a number of references that were in
readily accessible parts of the scientific literature at the time of the review. These are
predominantly, though not entirely, papers concerned with methodological issues.  As we
have only identified incorrect or missing citations of  papers with which we have some
personal connection we are concerned as to whether the accuracy of the remaining
citations is similarly poor.

The chapter does not always distinguish clearly between summaries of the scientific
literature and commentary on it.  In addition, the commentary is fairly superficial in its
examination of the design and methodology of the studies and how they fit together in
answering the scientific and public health questions. This is true even in cases such as the
HEI reanalysis project and NMMAPS where a substantial amount of expert review and
commentary has been published.

In addition some of the commentary, particularly that included in the tables 6-16 and 6-
17, appears to give criticism only of studies that do not find associations between
particulate air pollution and health.  Editorial commentary seems unnecessary in the
tables, though a consistent summary of study design would be helpful. It is not even clear
which statements in the table are taken from the paper and which are the opinions of the
reviewer.  In general the commentary in this chapter under-represents the potential for
issues such as copollutants, measurement error, publication bias, and model selection to
affect at least the magnitude of estimated health effects.



The chapter frequently refers to “consistency”, “coherence” or “homogeneity” without
giving any definition of these terms or even indicating which of them are supposed to
have a precise meaning.  The extent of agreement between studies, and how it compares
with the extent of agreement that would be expected given different study designs and
conditions, is a very important question.  It cannot be meaningfully addressed without at
least some attempt to quantify extent of agreement.

The chapter also makes a number of references to plausible explanations for various
observations in cases where the evidence to test these explanations is readily available. If
these hypotheses are important they should be tested, if not they should be omitted.  We
have carried out two of these analyses, in Appendices A and B of our comments, and
have indicated a number of other places in our specific comments where this could
readily have been done.

In considering publication bias, model selection bias, effects of co-pollutants, and
measurement error the authors conclude that each source of bias cannot on its own
explain the observed associations between PM and health.  This conclusion is entirely
reasonable. However, they do not consider the problem of these sources acting together.
For example, reasonable guesses about measurement error (in the absence of good data)
suggest that it could not cause a truly null predictor to appear more significant than a real
effect on health.  It is less clear, however, that a modest association due to confounding
could not be elevated to significance by measurement error and then appear consistent in
the literature due to publication and model selection bias. Of course the reverse could
also happen, and these combined biases could cause an important underestimate of the
effects of PM. Presumably EPA cares about the magnitude, as well as the existence, of
health effects; certainly the public and the scientific community are interested.

The issue of whether co-pollutants need to be included in health effects analyses, or if the
analysis becomes cleaner when only one pollutant at the time is included in the analysis,
is subject to substantial, and in our view very confused, discussion in the criteria
document. It appears that the authors are arguing that since many different co-pollutants
tend to be correlated, the uncertainty of the health effects estimates tend to cloud the
conclusions. This is only the case if one assumes a priori that particulate matter must
have an effect on health independently of other pollutants. This, however, is what the
analyses discussed in the document are attempting to investigate, and the conclusions are
far from clear-cut. The epidemiological evidence of the severity of fine particle health
effects is simply not yet available: there is insufficient availability of PM2.5 data to draw
any firm conclusions. There are several studies in which the PM effects disappear when
other pollutants are included in the model. There are also several studies with the
opposite result. If the reason for excluding multi-pollutant analysis is EPA’s need to set
standards for specific pollutant measures then this should be made explicit. Even in this
case the criteria document should discuss the co-pollutant problem more carefully.

It would be useful to state which associations have been seen at PM levels below the
current standard and which have been seen only at higher levels. Given the difficulty of



assessing nonlinearity, adverse effects seen in cities that are compliant with the current
standard  should have greater weight in considering tighter standards.

In our opinion, the most severe limitation of the evidence is that we do not yet have a
firm grip on the composition of particulate matter in different parts of the United
States. The criteria document authors seem to expect that health effects of particulate
matter is a matter only of the size of the particles; not of the chemical composition of the
particles. The variety of results with respect to co-pollutants can perhaps be caused by the
variety of chemical compositions; this is certainly a plausible explanation of the regional
variability found in the 90-cities study.  The document does consider a few specific types
of particle that have different typical sources, but a wider consideration of sources
(diesel, gasoline, coal, vegetative burning, secondary reactions)  would be beneficial.

In summary we feel that the chapter requires fairly major revision but that the
bibliography requires much less revision. The chapter as it stands is not an adequate
review of the scientific evidence. There is more commentary and opinion than is
warranted for this document although overall it contains the information and references
that would allow an adequate review to be made by a determined and knowledgeable
reader.

Detailed comments:
p 6-2 11ff:  The ordering of studies by increasing inferential strength conflicts sharply
with established epidemiological usage.  The attribution to Rothman and Greenland is
incorrect.  Those authors don’t even discuss ecologic time series studies, their chapters on
study design do not give any ordering of designs, nor does the term “inferential strength”
even appear in their index.

It would be more appropriate to distinguish the types of effects of interest before
attempting to order the study types in order of increasing inferential strength.  Studies
tuned to assessing the cumulative effects of exposure may not have much inferential
strength for assessing acute exposure effects, and vice versa.  Also omitted were other
study designs such as intervention studies and case-crossover studies.

6-7 1-2:  “some recent work suggests that time series data sets are also useful to examine
responses to exposures over a longer time scale”. This needs a reference

6-13 Table 6-1. This and the other tables would be easier to read with less text and
perhaps more structured presentation of lags or typical concentrations of PM

6-18 Last column, The entry “SLC PM10 Total (0 d)” estimate gives only part of the
confidence interval.



6-21 Levy paper:  Is this paper appropriate to include as it was not in the peer-reviewed
literature?  The results quoted for total mortality: 5.6% ( -2.4, 1.43) per 50 g/ m3, cannot

be correct as the estimate is not in the confidence interval.

6-49, 6.2.2.3.4.:  “Consistency” has not been defined here. Confidence intervals (or
posterior credible intervals for NMMAPS) should be given here as part of any definition..
How does the discussion of consistency match up with the NMMAPS conclusions of
heterogeneity across regions when the regional estimates are also small and could appear
to be similar the estimates that are claimed to be “consistent”?  How is consistency
defined when differences in measurement error, spatial variability, and other risk factors
would be expected to cause variation in relative risks across different cities?

6-86 10 -- 6-87 3:  The spatial dependence analysis done by the Reanalysis Team
certainly deserves more than its brief mention in the CD.  The existence of extensive
expert commentary by the HEI scientific review board would appear to make a longer
review relatively straightforward. The lack of balanced attention to reporting results of
the Reanalysis Project makes the CD appear biased and not scientifically neutral.

6-88  1-2 "Education was used to index ... Physical activity and occupational exposure to
dust were also used as covariate."  These are not all the covariates that were examined.
The covariates were used in models where they improved precision of the model or
indicated effect modification. A large number of dietary and other life style covariates
were evaluated for inclusion in the model according to those criteria.  The method is
explained in the Appendix of Abbey et al. (1999).

6-88  12-18  Cardiopulmonary results are discussed in this sentence, but the RR referred
to is not correct for cardiopulmonary as underlying cause (the reported relative risk was
actually 1.14, 95% CI 1.03-1.56 for 30days/yr > 100 mg/m3 PM10).  In addition,
sensitivity analyses were not done for cardiopulmonary mortality, but `contributing
respiratory cause’ (CRC) mortality.  On the other hand Table 6-8 has correct
cardiopulmonary results, not CRC mortality. The chapter needs to distinguish more
carefully between these.

6-89 7-8, "For example, if the male spent . . ."  If time outdoors were to explain these
effects the penetration of outdoor PM into the indoor environment would have to be quite
low.  This disagrees with the measurement error discussion in section 6.4.7, where a
value of 0.60 is used.

6-89 13 "The AHSMOG cancer analyses showed a confusing array of results for lung
cancer mortality (Table 6-9)."  The results are only confusing when summarized entirely
in terms of statistical significance.  The small numbers of events make this sort of
summary inappropriate, and the confidence intervals given in Table 6-8 are less
confusing.

6-94  3-6.  "Overall, . . . do not find consistent statistically significant association. . ."
The word "consistent" needs to be clarified, as in many other parts of the document. The



AHSMOG results were consistent with a harmful effect of PM10, and some of the results
were also consistent with zero effect, in the statistical sense.

6-94, line 9.  TSP was only used to estimate PM10 only part of the
study period (1977-1987). Measured PM was used for the remainder.

6.2.3.2.2 The short-term vs. long term effects analysis in the AHSMOG study (included
in  McDonnell et al. (2000)) were not mentioned.

6-112ff, 6-144ff In Tables 6-16 and 6-17 there are critical comments on the methodology
exclusively in those papers that do not find significant effects. This is certainly not due to
impeccable methodology in the other studies.

6-142 17-20:  The exclusion of multipollutant analyses from consideration due to
concerns about multicollinearity does not give a balanced approach to the issue.
Multicollinearity means that it is difficulty to establish the effects of PM separately from,
say, CO, but not that this problem can be ignored.   Also, as section 6.1.2 admitted, the
copollutants need not merely be confounders but may be effect modifiers.

An alternate approach is to estimate an “air pollution” effect that would account for the
joint change in several pollutants simultaneously.  A joint effect estimate will not have
the same multicollinearity concerns and will allow for more balance in the Criteria
Document by entertaining the possibility that the toxic component of air pollution may
not be best measured by PM alone.

6-143 25-30:  This perspective does not consider the effects of model selection bias.
Caution should be used in systematically picking the most positively significant pollutant
coefficient as was demonstrated by Lumley and Sheppard (2000).

6-149 Norris et al. (2000):  The Seattle component of this analysis was included to focus
on the stagnation persistence index in a second city and not as a new analysis per se.  The
data are essentially identical to the Norris et al. (1999) analysis so these two papers
should not be treated separately with respect to the Seattle analysis.

6-153 Lumley and Heagerty (1999) This study should not be included in this table.  The
data are the same as those analysed by Sheppard et al (1999) and so are already in the
table.  The analysis was used solely to demonstrate the properties of a new statistical
estimator.  It was not intended as a definitive analysis of PM health effects, as the paper
itself clearly states.

6-155 Sheppard et al. (1999):  The description of the numbers of sites for different
pollutants is incorrect. There were 3 PM sites, 4 CO sites, and one site each for SO2 and
O3.  Only 2 sites measured PM2.5.



6-172 4-7:  Speculation on this point is unnecessary.  This statement can be verified very
easily using the data in Appendices 6A-1 and 6A-2.  In fact while least squares linear
regression analysis indicates a positive association between population size and mean
PM10 levels, inspection of the relationship shows that this is driven by a few large cities
that are highly influential in the analysis.  There are many smaller cities with higher
average PM10 levels than experienced in the largest cities.  (See plot in Appendix I.)

6-175 7-14:  See comments on Lumley and Heagerty (1999) above. They used the same
data as Sheppard, and did not aim to present a definitive reanalysis.

6-175 24-25:  The Norris et al. (1999) paper used Emergency Department visits, not
hospital admissions.

6-177 27 – 6-178 5:  These comments are at best confusingly presented.  As in all the
other analyses described in this report the studies of children have presented relative risks
rather than absolute risk differences or differences in numbers of events.  It is true than
the absolute increase in an individual child’s risk is greater than in an individual healthy
adult’s risk  However, it is not clear than the base rate is higher in children than in the
susceptible adults that have been the focus of research (and no evidence is given for this).
In addition, the same argument could be extended by pointing out that there are far fewer
infants than adults, so the number of adverse events caused by a 1.05 relative risk in
infants will be less than the number of adverse events caused by the same relative risk in
adults.

6-182 Figure 6-7:  The two papers by Norris et al., include the same Seattle  analysis, as
mentioned above in comments for 6-149. Only one of them should appear.

6-189ff Table 6-20.  Yu et al., (2000) should be included here, a fairly large panel study
of acute effects on symptoms in asthmatic children

6-216 30:  The comment that a majority of studies show statistically significant results is
not a useful summary. There is no reason to expect consistency in p-values across studies,
nor is this evidence of consistency in results, particularly given risks of publication bias
and model selection bias.

6-217 22 – 6-218 18:  The fact that there exist many equally plausible models for a given
set of data is precisely that which  is addressed by the research on model selection that is
largely neglected by this chapter.  Specifically, attention needs to be given to Clyde
(2000), who used methods for summarizing the conclusions of vast collections of
possible models. Also related is the work of  Lumley and Sheppard (2000) who showed
that selecting the most favorable of just seven possible models could produce biases of
the same order of magnitude as the observed PM effects.  See also the evidence of model
selection and publication bias that can be inferred from the studies cited in Table 6-1 by
using the NMMAPS result as a gold standard, described in detail in our Appendix II.



6-218 22-23:  It seems that some minimal level of evaluation and scrutiny is necessary.
This should be stated (e.g. only papers published in peer-reviewed journals).

6-220 bottom and 6-226, section 6.4.2.3.:  Must the attention continue on single
pollutants in isolation of the other pollutants also in the atmosphere?  Assessment of an
air pollution effect may be a more fruitful approach.  The simultaneous inclusion of
multiple pollutants in a model can be handled fruitfully by estimating the joint effect of a
change in several pollutants simultaneously.  This was done in a time series analysis by
Sheppard et al. (1999) and in a panel study by Yu et al, (2000).  The same comments also
apply to 6-268 24 ff.

6-227 8-14:  The Norris et al. (2000) paper should be included in this list.

6-236 22-28:  See comments on Lumley and Heagerty (1999) above.

6-238 26-27:  This sentence must be rewritten.  Not only does it ignore peer-reviewed
published literature on model selection bias in the air pollution epidemiology literature
(Clyde (2000), Lumley and Sheppard (2000)), but it also ignores the accumulating
evidence in the literature that would limit the number of lags under consideration to only
the few lags relatively close to the event.  It is important to recognize that after a first
initial few hypothesis-generating studies, new work should focus on hypothesis testing
and confirmation of the results of earlier studies.  Thus continual exploration of the lag
structure in each new analysis is not justified and can lead to systematic positive bias.
See further analysis below (Appendix II) on the evidence of publication bias in the
Criteria Document.

6-243 11-12:  Certainly other arguments are equally plausible.

6-249 24 – 6-250 21:  The measurement error discussion, and in particular the comments
at 6-250 1-2 “a condition not demonstrated as occurring in actual air pollution data sets”
mask the fact that there are not yet sufficient data to make any conclusive assessments of
measurement error.  In particular, the data on  personal exposure to pollution of ambient
origin, the key error component in the Zeger et al. analysis, are very limited even for
particle concentrations.  There are virtually no data on the magnitudes and correlations of
this source of exposure error for multiple pollutants.

6-256 Section 6.4.8.2.:  The discussion of case-crossover analyses omits at least two
papers, a report from HEI (Checkoway et al (2000))  and a methodological paper by
Lumley and Levy (2000). The Checkoway et al. report contained, in addition to analyses
of acute associations with primary cardiac arrest (citted on 6-132 but not here),
substantial simulations that prompted the mathematical investigation of Lumley & Levy.

6-259 3-7:  The chapter states that “much homogeneity appeared to exist across various
geographic locations”.  The NMMAPS analysis in fact came to the opposite conclusion,
that there was significant heterogeneity. Given this disagreement there needs to be a



precise definition of “homogeneity” so that evidence can be adduced for or against this
statement.

6-260 18-19.  ‘Data … were optically scanned and digitized’ suggests that access to the
correct data was not sought or was refused. Either possibility would be disturbing.

6-263 20-21:  Define “near the national mean”. From the graph on 6-262 it appears that
in addition to the two cities with very much lower effect estimates there is one city with
close to twice the national mean estimate, leaving three of the six that are arguably
“close”.

6-263 29 – 6-264 2:  There are sufficient data in the Criteria Document to do these
calculations.  Cursory inspections and speculation should be omitted from the Criteria
Document. If these calculations are of genuine interest they should be performed,
otherwise they should be omitted.

6-265 24:  As commented above on a number of similar occasions, there is no definition
of “considerable degree of coherence” given that would allow there to be any evidence
for or against this statement.  It is not trivial to decide what degree of coherence can be
expected or to evaluate the evidence that such a degree has been attained.  Also 6-267 23.

6-266 20:  Define “meaningful heterogeneity”.  Compare this with definitions of the other
terms (consistency, homogeneity, coherence).

Additional Bibliography
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Appendix I

See comments for 6-172 4-7. This plot shows the relationship between PM10 and
population that is hypothesis in the chapter. It also shows that there is a lot of variability
in this relationship. While larger cities tend to have higher PM10 there are many small
cities with high PM10 and fairly large ones with low PM10.

PM versus Population  (from NMMAPS)
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Appendix II
In section 6.4.4 (lines 26, 27 of p. 6-238), the Criteria Document explicitly claims that it
is reasonable to select the most significant lag among a set of possible lags even though

such a practice may bias the chance of finding a significant association.  This statement is
made in spite of evidence of model selection bias that results from this approach in the
peer-reviewed literature (see the specific study examined by Lumley and Sheppard, 2000;

see below for further comment) and evidence to the contrary that can be compiled from
studies reviewed in the Criteria Document alone.  We now present an analysis of data
from the Criteria Document that indicates the presence of selection bias in the published

literature.

The NMMAPS study can be used as a gold standard against which to assess the presence
of publication bias in other PM mortality effect analyses.  Among the strengths of
NMMAPS relevant for an analysis of publication bias, the data were consistently handled
across all cities, city-specific models were specified using the same criteria in each city,
and the cities to be included were not specifically selected based on outcome (size is a
covariate, not an outcome).  We compare the compilation of city-specific results from
NMMAPS with estimates reported in 21 separate references in Table 6-1.  To be eligible
for this analysis, the paper had to report a total mortality effect estimate for a 50 _g/m3

increment of PM10 and reside in the peer-reviewed literature.  (In our opinion, Levy
(1998) was not peer-reviewed and therefore we excluded it.)  All the estimates considered
were city-specific with the exception of the Schwartz (2000) 10-city estimate and the
Burnett (1998) 8-city estimate.  A table with the included studies, cities, statistical
significances (as indicated by the confidence interval), and effect estimates gleaned from
Table 6-1 is attached.   We test the null hypothesis that there is no difference between the
NMMAPS collection of results and the independently published set.  We can test this
hypothesis in two ways:  by looking at statistical significance of the results and by
considering positive point estimates of excess deaths.  In NMMAPS, 11 out of 88 city-
specific estimates were statistically significant and 63 out of 88 gave positive point
estimates for excess deaths.  In contrast, out of the 24 separate confidence intervals
reported in the 21 references, 19 out of 24 were statistically significant.  This leads to a z-
statistic of 7.29 and resoundingly rejects the null hypothesis of no difference.  Similarly,
of the 28 separate effect estimates reported, 26 were positive, leading to a z-statistic of
3.09 for this comparison.  Again the null hypothesis of no difference is rejected.  Thus by
relying only on information summarized in the Criteria Document, it is reasonable to
conclude that the statement on page 6-238 (lines 26-27) is inappropriate.



Studies Including PM10 Mortality Estimates

First author and
publication date

City Statistical
significance

Estimate for
50 _g/m3 PM10

Schwartz (2000a) 10 cities Sig 3.4
Moolgavkar (2000a) Cook County - .5-1
Moolgavkar (2000a) Maricopa County - .25-1
Moolgavkar (2000a) LA - .5

Ostro (1999a) Cochella Valley Sig 4.6
Ostro (1999a) Cochella Valley NS 2.0
Fairley (1999) Santa Clara County - 8
Pope (1999a) Ogden Sig 12
Pope (1999a) Salt Lake City Sig 2.3
Pope (1999a) Provo NS 1.9

Schwartz (2000) Chicago Sig 4.5
Lipmann (2000) Detroit NS 4.4
Gwynn (2000) Buffalo Sig 12

Mar (2000) Pheonix Sig 5.4
Tsai (2000) Newark Sig 5.7
Tsai (2000) Camden NS 11.1
Tsai (2000) Elizabeth NS -4.9

Gamble (1998) Dallas NS -3.6
Burnett (1998a) 8 Canadian Cities Sig 3.5
Burnett (1998a) Toronto Sig 3.5
Wordley (1997) Birmingham UK Sig 5.6

Hoek (2000) Netherlands Sig 0.9
Ponka (1998) Helsinki Sig 18.8
Peters (1999a) Czech Republic Sig 4.8

Michelozzi (1998) Rome Sig 1.9
Wichmann (2000) Frankfurt Sig 6.6

Morgan (1998) Sydney Sig 4.7
Ostro (1998) Bangkok Sig 5.1


